Abstract: Despite the relevance of children in inheriting and shaping society, an index assessing sustainable development with a focus on children is missing. To tackle this gap, this study established the Sustainable Child Development Index (SCDI) by considering child development topics in the context of inter-generational equity and applying indicators with available statistical data on country level. The SCDI at present addresses health, education, safety, economic status and environmental aspects described by 25 indicators. By taking reference points derived from the targets of the Sustainable Development Goals (SDGs), the SCDI scores for the year 2015 were calculated for 138 countries and then classified into four sustainable child development levels (very high, high, medium and low). The results showed great regional inequality on the status of sustainable child development. European countries generally have better status of sustainable child development. By contrast, 90% of African and 76% of Asian countries were classified as countries with medium and low levels. Moreover, the comparison of the SCDI, the Human Development Index (HDI) and the Child Development Index (CDI) based on correlation analysis and 10-year (2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015) country rankings demonstrated that the SCDI can complement existing development indices to provide a more comprehensive evaluation of sustainable development.
Introduction
Children (here defined as aged under 18 [1] ) are an important stakeholder group for Sustainable Development (SD) as they connect current and future generations. The Brundtland Commission defined SD as "development that meets the needs of the present without compromising the ability of future generations to meet their own needs" [2] . The definition underlines the important relationship between children, inter-generational equity and SD.
As the needs of children and their susceptibility to external factors are different from those of adults, indices that evaluate SD by treating children as a key stakeholder group are needed for complementing whole-population-oriented assessments, such as the Human Development Index (HDI). The HDI was introduced by the United Nations Development Programme (UNDP) in the 1990s to measure the developmental state of a country by combining indicators of life expectancy, educational attainment, and income based on national average data of the whole population [3, 4] . It has been widely applied for decades, but the missing consideration of future generations in its scheme persists.
Several indices for assessing child development have been proposed. Child development refers to change or growth that occurs in a child during the life span from birth to adolescence [5] . One relevant focus
The Sustainable Child Development Index (SCDI) Framework and an Initial Indicator Set
To address those aforementioned three gaps, Chang et al. [17] proposed the Sustainable Child Development Index (SCDI) framework which considers children as a stakeholder group, includes environmental aspects such as resource accessibility, and applies an indicator set based on available statistical data. Sustainable child development refers to a development that supports children to meet their needs in the present living state and protects children in order for them to have the ability for shaping their future prospects. The SCDI allows for comparing countries in terms of their status regarding sustainable child development and monitoring the trends on the status for countries by continuously updating the indicators over time. The SCDI framework considers seven themes related to sustainable child development: health, education, safety, economic status, relationship, and participation plus the newly suggested theme environmental aspects addressing resource accessibility. Children are those inheriting the resources from current generations. To protect inter-generational equity, resource condition such as accessibility to freshwater and the preservation of fossil fuels are of high concern. Therefore, the theme environmental aspects considers freshwater vulnerability and renewable energy consumption as starting points to address resource accessibility. Each of the seven SCDI themes is specified by 2-17 subthemes. Subthemes are further described by 1-7 criteria, which are measured by 1-4 indicators. For instance, the theme health specifies 17 subthemes (e.g., child mortality, risk behavior, mental health), described by 44 criteria (e.g., infant mortality, suicide, adolescent fertility), measured by 48 indicators (e.g., infant mortality rate, suicide rate and adolescent fertility rate). Details of topic and indicator collection and classification can be found in Chang et al. [17, 20] . Figure 1 displays the overall structure of the SCDI framework. It provides a clear and consistent classification scheme for topics connected to child development including the theme environmental aspects. As an index for SD, the SCDI also closely reflects the Sustainable Development Goals (SDGs) [23, 24] . For example, the SDG 'ensure healthy lives and promote well-being for all' is associated with the SCDI subthemes child mortality, maternal health, and hazardous pollutant, etc.; the SDG 'ensure inclusive and equitable quality education and promote lifelong learning opportunities for all' addresses the SCDI subthemes gender equality and attendance of education, etc. participation plus the newly suggested theme environmental aspects addressing resource accessibility. Children are those inheriting the resources from current generations. To protect intergenerational equity, resource condition such as accessibility to freshwater and the preservation of fossil fuels are of high concern. Therefore, the theme environmental aspects considers freshwater vulnerability and renewable energy consumption as starting points to address resource accessibility. Each of the seven SCDI themes is specified by 2-17 subthemes. Subthemes are further described by 1-7 criteria, which are measured by 1-4 indicators. For instance, the theme health specifies 17 subthemes (e.g., child mortality, risk behavior, mental health), described by 44 criteria (e.g., infant mortality, suicide, adolescent fertility), measured by 48 indicators (e.g., infant mortality rate, suicide rate and adolescent fertility rate). Details of topic and indicator collection and classification can be found in Chang et al. [17, 20] . Figure 1 displays the overall structure of the SCDI framework. It provides a clear and consistent classification scheme for topics connected to child development including the theme environmental aspects. As an index for SD, the SCDI also closely reflects the Sustainable Development Goals (SDGs) [23, 24] . For example, the SDG 'ensure healthy lives and promote well-being for all' is associated with the SCDI subthemes child mortality, maternal health, and hazardous pollutant, etc.; the SDG 'ensure inclusive and equitable quality education and promote lifelong learning opportunities for all' addresses the SCDI subthemes gender equality and attendance of education, etc. Figure 1 . Structure of the Sustainable Child Development Index (SCDI) framework (exemplary criteria and indicator are presented for the subtheme attendance of education and highlighted in dark grey), adapted from Chang et al. [17, 20] .
In addition to the framework of the SCDI, an initial indicator set consisting of 66 indicators was proposed considering data availability [20] . Statistical data for each of the 66 indicators are available for at least 100 countries. The 66 indicators can clearly measure the criteria of sustainable child development and allow for a quantitative assessment with available statistical data.
Research Objective
On the basis of previous work of the authors [17, 20] , this study aims at establishing the SCDI by fine-tuning the indicator set, calculating the SCDI for countries, and analyzing the similarity between the SCDI and existing development indices.
Although the initial indicator set of 66 indicators was previously selected by Chang et al. [20] , considering such a large number of indicators in one index may pose challenges for data collection as well as for indicator aggregation to an index, and thus impede the practicality of the SCDI. Therefore, the first focus of this study is to reduce the number of indicators for enhancing the practicality of the SCDI. To reduce the number of indicators, two steps were taken: (1) considering association (i.e., similarity) between indicators, and (2) balancing of the number of addressed countries and topics with regard to data availability.
A deeper analysis of the 66 indicators indicated that some indicators have a high association with each other, i.e., evaluate the topics in a similar way. For example, the three indicators neonatal-, infant-, and under-five mortality rate describe child mortality in a very similar manner. Therefore, one of these three indicators can be selected to represent the other indicators to address child mortality. That indicator (under-five mortality rate) is chosen as it has the highest data availability among the three indicators. By doing so, practitioners can use a smaller number of indicators to sufficiently address the considered topics.
Statistical data of each of the 66 indicators can be found for at least 100 countries. The limiting point is that the statistical data of each of the 66 indicators are available for different countries. The more indicators that are considered, the fewer the countries that can be addressed because of missing data. For example, for only nine countries (addressing 2.3% of child population in 2015 of 195 countries listed in the UNICEF database [25, 26] ), statistical data can be found for all the 66 indicators. In this case, the SCDI is hardly able to support comparing countries in terms of their status regarding sustainable child development in practice. On the other hand, the more countries that are considered, the fewer the topics as well as indicators that are addressed. For instance, 195 countries are considered when only three subthemes and seven indicators are addressed in the SCDI. This very limited consideration of topics leads to insufficient and biased assessment of sustainable child development status. Hence, a balance of the number of covered countries (as well as child population) and topics is needed to further reduce the 66 indicators for enhancing the practicality of the SCDI.
The second focus of this study is to construct the SCDI. Normalization and aggregation are used to combine the indicators into one index, thus to provide a summarized result [27, 28] . Normalization is needed to transfer indicator values into a common scale (e.g., 0-1) by reference points [27, 28] . By transferring indicator values into a common scale, the aggregation of different indicators into a dimensionless index is possible.
The third focus of this study is to compare the results of the SCDI with existing development indices (e.g., the HDI and the CDI) for clarifying their similarity. The comparison can examine if the SCDI evaluates the status of sustainable development for countries differently than existing development indices by considering children as key stakeholders and addressing topics in the context of SD. Therefore, the objective of this paper is to establish the SCDI for countries by:
• selecting a final indicator set for the SCDI; • using normalization and aggregation methods to combine the final indicator set into one index, i.e., the SCDI; and • comparing the results of the SCDI with existing development indices such as the HDI and the CDI.
The following sections present the research methodology (Section 2), results (Section 3), followed by discussion (Section 4).
Methods
In this section, the method for constructing the SCDI is presented. First, the method for selecting the final indicator set for the SCDI is introduced (Section 2.1). Methods for determining the SCDI scores for countries and country classification are then provided (Section 2.2). Afterwards, a way to compare the SCDI with other development indices is described in Section 2.3.
Selection of the Final Indicator Set to Be Used in the SCDI
A correlation analysis of the 66 indicators proposed by Chang et al. [20] was carried out to identify indicators that are strongly associated within individual themes (e.g., health or education). Correlation analysis can quantify the direction and strength of association between variables [29, 30] . Spearman correlation was selected to perform the correlation analysis [29] [30] [31] since it is suitable to measure the association between two ranked variables (e.g., indicators). Spearman correlation does not require the making of any assumptions about the frequency distribution and the linear relationship between the two variables [29] . The value of the correlation coefficient varies between +1 and −1. A perfect Spearman correlation coefficient of ±1 occurs when a variable is in a perfect association to the other, i.e., the values of both variables are moving with fixed proportion. A pair-wise comparison was conducted for indicators within individual themes. A Spearman correlation coefficient of ±0.5 or ±0.7 is often used as a benchmark to determine strong association between variables [29, 30] . In this study, a stricter benchmark, i.e., a Spearman correlation coefficient of ±0.8, was presumed to examine a strong association between indicators. If the Spearman correlation coefficient is higher than +0.8 or lower than −0.8, a strong association is assumed, i.e., the two indicators are similar and can represent each other. Therefore, one of the two indicators would be sufficient to describe/predict the performance of a specific topic. In that case, we selected the indicator which has statistical data for more countries and consider that indicator as the representative indicator. If the correlation analysis does not show a strong association between the two indicators, both indicators are kept because one indicator cannot represent the other.
In a second step, the number of the identified representative indicators was further reduced to balance the number of topics covered by the representative indicators and the number of countries for which data for the representative indicators are available. The number of representative indicators (as well as topics) addressed in the SCDI and their mutually covered countries were analyzed. Based on the results, the number of representative indicators was further reduced according to three principles. First, the final indicator set used in the SCDI shall consider at least 50% of the topics (i.e., themes, sub-themes and criteria) addressed by the representative indicators selected based on the results of the correlation analysis. Second, the number of mutually covered countries for which the SCDI can be calculated shall represent at least 70% of all 195 countries (i.e., 137 countries) listed in the United Nations Children's Fund (UNICEF) database, to consider countries across the five geographic regions, (namely Africa, Americas, Asia, Europe, and Oceania [32] ). Third, apart from the coverage of countries, child population covered in the SCDI is the other consideration for assuring the practicality of the SCDI. At least 70% of the child population (of all 195 countries) shall be addressed to consider a large share of children. These three principles are value choices but are considered as suitable to foster the practicality of the SCDI. The final indicator set is used to construct the SCDI and measure the SCDI scores.
Determination of the SCDI Scores for Countries and Classification of Countries
To combine the final indicator set into one index, normalization and aggregation of the indicator values are required. The method is presented in the following two subsections.
Normalization of the Indicators of the Final Indicator Set
Indicators are usually measured in different units and scales. Normalization aims at transferring indicator values into a common scale. By doing so, the aggregation of different indicators into one index is possible. A scale of 0-l was chosen, and linear scaling was used as the normalization method to transform the indicator values into 0-1 scale. Linear scaling transformation requires two reference points for each indicator. Thus, two reference points (i.e., minimum and maximum reference point) were defined for each indicator of the final indicator set. The first reference point represents the target value for the indicators of the final indicator set. As the second reference point can be a minimum or maximum reference point, the lowest or highest indicator value collected for the indicators of the final indicator set among the considered countries from 2006 to 2015 was chosen. This setting supports a comparative assessment of sustainable child development status for countries within the same year or across years. Since the SCDI intends to reflect SD, the SDGs were used as a guide to define the first reference point (representing the target value). For example, SDG 3.9 includes the target "substantially reducing the number of deaths and illnesses from hazardous chemicals and air, water and soil pollution and contamination" [23] . In accordance with this target, the target value (here the minimum reference point) for the indicator 'mortality rate attributed to household and ambient air pollution (per 100,000 populations)' would be fixed to 0 which could represent the best case. Then, the other reference point is the maximum indicator value collected for the indicator among the addressed countries from 2006 to 2015, which is 300. If the definition of the target value for indicators cannot be guided directly from the SDGs, both reference points are defined based on maximum and minimum indicator values collected for the indicators of the final indicator set among the addressed countries from 2006 to 2015.
Having defined the reference points for the indicators of the final indicator set, the normalized indicator scores can be calculated. Depending on the type of indicator, the normalized indicator scores were calculated differently. In this study, three types of indicator, i.e., so-called positive indicators, negative indicators, and neutral indicators for sustainable child development, were distinguished. For positive indicators (e.g., 'population using improved drinking-water sources'), a higher indicator value means a higher positive contribution to sustainable child development. For negative indicators (e.g., 'under-five mortality rate'), a higher indicator value means a higher negative contribution to sustainable child development. The neutral indicators aim at reflecting equality topics (e.g., 'sex ratio at birth'), namely expressing the relation between the indicator value and the equal state. In this sense, the closer the indicator value to the equal state of the topic (e.g., 1.05 for the topic sex ratio at birth [33, 34] , and 1.00 for the topic gender parity in school enrolment), the higher the positive contribution to sustainable child development results.
The normalized score S i,I p for a positive indicator I p with data of a specific assessed country i is measured according to Equation (1).
V i,I p denotes the value for a positive indicator I p of a specific country i. R M,I p and R m,I p represent the maximum and minimum reference points for I p , respectively. The normalized score (S i,I n ) for a negative indicator I n with data of a specific assessed country i is measured according to Equation (2) .
V i,I n denotes the value for a negative indicator I n of a specific country i. R M,I n and R m,I n represent the maximum and minimum reference points for I n , respectively.
The normalized score (S i,I u ) for a neutral indicator I u with data of a specific assessed country i is measured according to Equation (3) .
V i,I u denotes the value for a neutral indicator I u of a specific country i. R M,I u and R m,I u represent the maximum and minimum reference points for I u , respectively. e I u denotes the equal state value for a neutral indicator I u . Equation (3) is not only used for normalizing the indicators of equality topics, but also for normalizing the indicators gross enrolment ratio in different education levels. The gross enrolment ratio presents the ratio of enrolled children of all ages to the total number of children in the official school age group. The ratio can exceed 100% when many children enter school late or repeat a grade. Repetition and postponement in education could imply negative conditions in education. In this context, 100% of the enrolment ratio was treated as the target value and also the equal state value in this study.
Aggregation of the Normalized Indicators into an Index-The SCDI and Country Classification
After normalizing the indicators of the final indicator set to the same scale, the indicators can be aggregated into the SCDI. Currently, no literature objectively provides information and the relative importance for the themes, subthemes and criteria of sustainable child development. Hence, equal weighting was presumed while conducting aggregation at indicator, criterion, sub-theme and themes level. That means all indicators, criteria, subthemes and themes were considered as being equally important. For instance, the criterion gender equality in enrolment and other criteria (e.g., gender equality in graduation) are presumed to have equal importance on the subtheme gender equality. The subtheme gender equality and other subthemes such as government support on education are suggested to have the same importance on the theme education. Then, the theme education and the other four themes considered in the SCDI have equal importance for measuring sustainable child development (i.e., the SCDI scores). Arithmetic average method was used for aggregating the scores from the indicator, criterion, sub-theme, theme to index level. As the values for the considered indicators range between 0-1 (see Section 2.2.1), the SCDI scores also range between 0-1. It is assumed that the higher the SCDI score is, the better is the sustainable child development status.
For example, the arithmetic average of the normalized scores of three indicators 'gross enrolment ratio for primary school' (representing the criterion 'enrolment in primary school'), 'gross enrolment ratio for secondary school' (representing the criterion 'enrolment in secondary school') and 'gross enrolment ratio for tertiary school' (representing the criterion 'enrolment in tertiary school') is the aggregated score of the subtheme attendance of education. Then, the arithmetic average of the aggregated scores of the subtheme attendance of education and the other subthemes (e.g., gender equality) (see Figure 1) addressing the theme education represents the aggregated score of the theme education. Finally, the SCDI score for a country is calculated by arithmetically averaging the aggregated scores of the themes considered (e.g., health and education) in the SCDI.
As a next step, the SCDI scores for countries were classified into four levels of sustainable child development. This was done in order to communicate results on the status of sustainable child development for countries. The four levels were set as very high, high, medium and low sustainable child development, in accordance with the country classification approach applied in the HDI [35] . To define the four levels, the quartiles of the aggregated scores for each theme (calculated based on the collected indicator values in 2015) were used to derive three cutoff points. The quartiles of the aggregated scores for each theme were first determined. Then the three cutoff points were calculated by arithmetically averaging the quartiles of the aggregated scores for themes, in line with the defined aggregation method. The three cutoff points were determined to identify the four levels of sustainable child development, regarding the performance on the addressed indicators and the target values derived from the SDGs. For example, countries classified into very high sustainable child development level indicate that their performance reaches the highest 25% of the progress towards sustainable child development according to the defined target values. Moreover, the countries were assigned to the five regions, namely Africa, Americas, Asia, Europe, and Oceania defined by the UN [32] , to present the status not only on a country level but also from a regional perspective.
Comparing the SCDI with Other Development Indices
The comparison aims at examining if the SCDI evaluates sustainable development for countries differently than existing development indices by considering children as the key stakeholder group and addressing topics in the context of SD.
The comparison of the SCDI, the HDI and the CDI was firstly conducted by using correlation analysis to describe the degree of association between the country ranking assessed by the three indices. The country ranking assessed by the SCDI for the year 2015 was compared with the country ranking assessed by the HDI for the year 2015 and the CDI for the year 2012. The HDI and the CDI are selected since they consider similar topics and cover a wide coverage of countries, as does the SCDI. The HDI has been widely adopted to measure the degree of countries' development by considering a whole population-oriented perspective. The CDI applies a child-oriented perspective but does not allow a comprehensive assessment of child development in the context of SD. If the association between the SCDI, the HDI and the CDI is not strong, it is expected that the SCDI can assess the sustainable development status for countries in a different pattern than the HDI and the CDI by treating children as a key stakeholder group and addressing topics of child development in the context of inter-generational equity. That means the SCDI can complement existing development indices. In accordance with the correlation analysis conducted for selecting representative indicators (see Section 2.1), a correlation of indices is considered strong if the Spearman correlation coefficient is higher than +0.8. Moderate correlation between indices is recognized if the Spearman correlation coefficient ranges from +0.3 to +0.8 [29] . The country ranking of the HDI for the year 2015 and the CDI for the year 2012 can be found in the reports published by the UNDP [4] and the Save Children Fund [9] respectively.
In addition, the country rankings from 2006 to 2015 assessed by the SCDI and the HDI were compared in order to investigate their similarity. The comparison focused on the Organization for Economic Cooperation and Development (OECD) countries to examine if those highly economically developed countries have a similar status of sustainable child development and human development. Among the OECD countries, six countries: Australia, Canada, Austria, Greece, Mexico, and Republic of Korea, were selected to consider a diversity of countries across the five geographic regions.
Moreover, since the country classification for the SCDI was constructed based on the HDI approach, comparing the results of country classification assessed by the SCDI and the HDI for the year 2015 is another way to check their similarity. For example, if one country is classified at medium development level in the SCDI but very high development level in the HDI, a difference is recognized in the SCDI country classification and the HDI country classification. Based on the comparison, an overview of the similarity between the SCDI country classification and the HDI country classification is provided.
Results
The following sections provide the results: the final indicator set for the SCDI (Section 3.1), the SCDI scores for 138 countries including country ranking and classification (Section 3.2), and the results of the comparison of the SCDI with the HDI and the CDI (Section 3.3).
Final Indicator Set for the SCDI
First, based on the results obtained from the correlation analysis (described in Section 2.1), 50 representative indicators were chosen from the original 66 indicators proposed by Chang et al. [20] .
Detailed information of the correlation analysis (e.g., Spearman correlation coefficients for the 66 indicators) is shown in Table S1 ; the 50 representative indicators are listed in Table S2 .
After selecting the 50 representative indicators based on correlation analysis, a second indicator selection process was conducted. An overview of the number of topics described by the 50 representative indicators and the number of countries for which data for the representative indicators are available is provided in Figure 2 . Naturally, when more indicators are considered in the SCDI, more topics are considered (see dotted lines in Figure 2 ) as well. At the same time, the number of countries mutually covered by the indicators decreases. Only nine countries can be assessed by the SCDI when all the 50 indicators (as well as their considered topics, i.e., seven themes, 29 subthemes, and 43 criteria) are included. Details of the topics addressed by the 50 indicators can be found in Table S2 .
The second indicator selection process follows the three principles defined in Section 2.1 to balance the number of topics, countries and child population covered in the SCDI. Table 1 shows that 138 (70.7%) countries and five regions are covered when 25 representative indicators are used for constructing the SCDI (also see Figure 2 ). In this context, 85.9% of the child population can be addressed in the SCDI (as shown in Table 1 ). While using these 25 representative indicators, five themes (health, education, safety, economic status and environmental aspects), 19 subthemes (e.g., nutrition, risk behavior, gender equality, violence and crime, macroeconomic status and freshwater vulnerability) and 22 criteria (e.g., low birth weight, alcohol use, gender equality in enrolment, criminal victimization, youth unemployment and risk of depleting freshwater resources) would be addressed in the SCDI, including more than 50% of the topics considered by the 50 indicators. When 26 representative indicators would be considered for constructing the SCDI, the share of mutually covered countries would decrease from 70.7% to 66.2%, not fulfilling the principle (defined by the authors) that the covered countries should represent at least 70% of countries. Thus, the 25 representative indicators are used as the final indicator set for constructing the SCDI. This final indicator set including the covered topics and data sources is listed in Table 2 . Table  S2 .
The second indicator selection process follows the three principles defined in Section 2.1 to balance the number of topics, countries and child population covered in the SCDI. Table 1 shows that 138 (70.7%) countries and five regions are covered when 25 representative indicators are used for constructing the SCDI (also see Figure 2 ). In this context, 85.9% of the child population can be addressed in the SCDI (as shown in Table 1 ). While using these 25 representative indicators, five themes (health, education, safety, economic status and environmental aspects), 19 subthemes (e.g., nutrition, risk behavior, gender equality, violence and crime, macroeconomic status and freshwater vulnerability) and 22 criteria (e.g., low birth weight, alcohol use, gender equality in enrolment, criminal victimization, youth unemployment and risk of depleting freshwater resources) would be addressed in the SCDI, including more than 50% of the topics considered by the 50 indicators. When 26 representative indicators would be considered for constructing the SCDI, the share of mutually covered countries would decrease from 70.7% to 66.2%, not fulfilling the principle (defined by the authors) that the covered countries should represent at least 70% of countries. Thus, the 25 representative indicators are used as the final indicator set for constructing the SCDI. This final indicator set including the covered topics and data sources is listed in Table 2 . 
The SCDI Scores and Country Classification
Following the normalization and aggregation methods defined in Section 2.2, the SCDI scores for 138 countries for the year 2015 were determined. First, among the 25 indicators of the final indicator set (selected in Section 3.1), the reference points for 21 indicators were defined with regard to the targets of the SDGs. For the other four indicators, the reference points were defined based on the collected indicator values. These four indicators are 'gross enrolment ratio in primary school', 'gross enrolment ratio in secondary school', 'government expenditure on education as percentage of GDP' and 'public debt as percentage of GDP'. The reference points used for normalizing the 25 indicators are listed in Table 2 . Second, according to the defined reference points and Equations (1)-(3) (see Section 2.2.1), the values for the 25 indicators were transferred into scores between 0-1. Then, the normalized scores for the 25 indicators were aggregated into the SCDI scores for the 138 countries. The indicator values, normalized scores, the SCDI scores, as well as the country ranking for the 138 countries can be found in Table S3 . Table 3 provides an overview of the results of the SCDI by showing an extract from the country ranking, namely the 20 highest and 20 lowest ranks. The result shows that Iceland, Bhutan, Norway, Sweden and Finland are the five highest-ranked countries based on the SCDI scores. By having a better performance in the subthemes freshwater vulnerability and renewable energy consumption considered for the theme environmental aspects, Bhutan, Uruguay and Paraguay have higher ranks than Denmark and Canada. Mauritania, Yemen, Lesotho, Namibia and Niger are the five lowest-ranked countries.
Furthermore, the SCDI scores and the according country ranking were determined for the year 2006 in order to observe the trend of sustainable development status for countries. Comparing the 2015 SCDI scores to the 2006 SCDI scores, 104 (75%) out of the 138 countries show an enhancement in sustainable child development status. In particular, nine countries (i.e., Armenia, Bhutan, Cambodia, Ethiopia, Lao People's Democratic Republic, Lesotho, Liberia, Nepal and Niger) have the largest increase in SCDI scores during the 10-year period. The performance, especially for the themes health and economic status, has improved among these developing countries. By contrast, Cyprus, Greece, Mexico, Spain and Ukraine are the five countries with the largest declines of SCDI scores due to their decreasing performance for the themes health and economic status. The annual SCDI scores and country ranking from 2006 to 2015 are provided in Table S4 . According to the SCDI scores for the year 2015, the 138 countries were classified into four sustainable development levels. Table 4 presents the interval of the SCDI scores and the numbers of classified countries of the four levels of sustainable child development. The cutoff points to group the countries into the four levels are derived as 0.66, 0.75 and 0.81 according to the country classification approach defined in Section 2.2.2. Correspondingly, 15, 37, 65 and 21 countries were categorized as countries with very high, high, medium, and low sustainable child development levels, respectively. That is, the performance of 15 countries (11%) reach the highest 25% of the progress towards sustainable child development with regard to the defined target values. In addition, a majority (62%) of the covered countries were assessed as countries with medium and low sustainable child development. It indicates that many countries are indeed in critical conditions to reach the defined targets of sustainable child development. The country classification for the 138 countries is provided in Table S3 . The country classification significantly points out the great regional inequality on sustainable child development. Figure 3 presents an overview of the status of sustainable child development for countries worldwide. In Figure 3 , countries assessed with very high, high, medium and low sustainable child development are marked in light green, dark green, orange and red, respectively. The grey areas indicate the countries not covered in the SCDI at present. As shown in Figure 3 , European countries generally have better sustainable child development while a large share of African and Asian countries has worse sustainable child development. Furthermore, Figure 4 shows that 70% of European countries are classified as countries with very high and high sustainable child development. In the Americas, 48% of countries are classified as those with very high and high sustainable child development. Several Central and South American countries e.g., Paraguay and Uruguay, show their good performance in sustainable child development (see Table 2 ). On the contrary, 90% of African and 76% of Asian countries are assigned to medium and low sustainable child development levels, as shown in Figure 4 . These African and Asian countries (e.g., Niger, Yemen and Namibia) in general have lower performance in the themes economic status (e.g., access to electricity and youth unemployment), health (e.g., low birth weight) and environmental aspects (e.g., freshwater vulnerability). The results highlight the urgent need to improve the living conditions related to sustainable child development topics for most African and Asian countries. Children and youths dominate the populations of Africa. Children under the age of 15 accounted for 41% of the population, and youths aged 15-24 accounted for a further 19% in Africa in 2015 [46] . This result on the low level of sustainable child development is also in line with the statement claimed by UNICEF that nine out of 10 of the world's children surviving in extreme poverty (less than US$1.90 a day) will live in sub-Saharan Africa in 2030 [25] . Note, some OECD countries, such as Australia, Netherlands, Japan, Israel, Italy and Turkey, were assigned to the medium sustainable child development level. One key reason is their weak performance in freshwater vulnerability and renewable energy consumption for the theme environmental aspects. 
The SCDI Compared to the Human Development Index (HDI) and Child Development Index (CDI)
To evaluate the similarity between the SCDI and the selected existing development indices (i.e., the HDI and the CDI), a correlation analysis was conducted. The correlation coefficient of the country ranking assessed by the SCDI and HDI for the year 2015, the country ranking assessed by the SCDI for the year 2015, and the CDI for the year 2012 is 0.476 and 0.489, respectively. Therefore, the analysis implies that the SCDI has a moderate association with the HDI and the CDI. The results point out that the SCDI can evaluate the sustainable development status for countries differently than the HDI and the CDI. The full country rankings of the SCDI, the HDI and the CDI can be found in Table S5 .
Three out of five themes of the SCDI (health, education and economic status) consider similar topics as the HDI (i.e., long and healthy life, knowledge, and a decent standard of living). Among the four indicators applied in the HDI, one indicator is addressed in the SCDI. The indicator 'gross 
Three out of five themes of the SCDI (health, education and economic status) consider similar topics as the HDI (i.e., long and healthy life, knowledge, and a decent standard of living). Among the four indicators applied in the HDI, one indicator is addressed in the SCDI. The indicator 'gross national income per capita at purchasing power parity' used in the HDI is addressed in the SCDI by its representative indicator 'access to electricity (percentage of population)' in the theme economic status. The two indicators 'expected years of schooling' and 'mean years of schooling' which describe the topic knowledge, and the indicator 'life expectancy' which measures the topic health in the HDI, are not considered in the SCDI. Although the two indices tackle similar topics and one identical indicator, their moderate correlation supports the fact that the SCDI can differently assess a country's sustainable development status from a child's point of view than a whole population-oriented concept. The SCDI contributes to development index studies by treating children as key stakeholders in sustainable assessments.
All of the three topics considered in the CDI (i.e., health, education and nutrition) are covered in the SCDI. Two out of three indicators used in the CDI are also addressed in the SCDI. The two indicators 'under-five mortality rate' and 'primary school enrolment rate' are used in the CDI and the SCDI. Nutrition is measured by two different indicators, 'percentage of under-fives who are underweight', and 'percentage of infants born with low birth weight', that are used in the CDI and SCDI, respectively. The moderate correlation of the SCDI to the CDI shows that although the SCDI and the CDI are both children-oriented indices, addressing environmental and additional topics (such as safety and economic status) in the SCDI could lead to different sustainable development status for countries than the CDI.
The trend of development status for Australia, Canada, Mexico, Austria, Greece and Republic of Korea assessed by the SCDI and the HDI were compared. Significant differences were found between the country rankings assessed by the SCDI and the HDI (see Figure 5 ). For example, Australia and Greece were both assessed as the 30 highest-ranked countries by the HDI from 2006 to 2015, but ranked between the 70th and 110th by the SCDI from 2006 to 2015. This indicates that the HDI and the SCDI indeed provide different assessment results of national development status by considering different stakeholder groups and addressing topics in the context of SD. The OECD countries are usually recognized as highly economically developed countries. Nevertheless, the comparison of country rankings assessed by the SCDI and the HDI from 2006 to 2015 points out that such highly economically developed countries may have decreasing progress on sustainable child development (e.g., Greece). Ideally the trends of the country rankings assessed by the SCDI and the HDI shall both improve over time. The dissimilar trends (e.g., for Austria and Republic of Korea) could imply an incomplete consideration of children in development policies. The results further support the fact that the SCDI can be a complementary assessment to the existing development indices to support decision making. The full country ranking of the SCDI and the HDI from 2006 to 2015 can be found in Table S4 .
Furthermore, the comparison of the results of country classification between the SCDI and the HDI was conducted to investigate their similarities and differences. The country classifications of the SCDI and the HDI are listed in Table S6 . Out of the 138 countries (66%) assessed in the SCDI, 91 are evaluated with a different development level in the HDI; 22 countries are determined with at least two development levels difference between the SCDI and the HDI. For instance, Argentina and Chile are assigned to a medium development level in the SCDI but to a very high development level in the HDI. This outcome is in line with the correlation analysis of the SCDI and HDI, supporting the fact that the SCDI can be applied as a complementary assessment to the existing whole population-oriented development indices to provide a more comprehensive assessment of a country's sustainable development performance with a focus on children.
Moreover, it is shown that the HDI is strongly associated with the CDI (correlation coefficient of 0.925). The results of the HDI can be used to image the outcome of the CDI, and vice versa. One key reason could be that the topics (e.g., life expectancy and child mortality) considered in the HDI and the CDI have a strong association. 
Discussion
The following sections summarize the key findings and the contribution of the SCDI to sustainability assessment (Section 4.1) and present the limitations of the SCDI (Section 4.2) and an outlook for future research (Section 4.3).
Key Findings and Contribution of the SCDI to Sustainability Assessment
This study completes the establishment of a new index for assessing sustainable child development, namely the Sustainable Child Development Index (SCDI). The SCDI at present addresses five themes health, education, safety, economic status, and environmental aspects described by 25 indicators. The SCDI contributes to sustainability assessment as it addresses the inseparable relationship between children, inter-generational equity and sustainable development in an index. Furthermore, the SCDI is a development index that uniquely takes children as the core stakeholder group and addresses the topics with the triple-bottom-line thinking. As an index related to SD, the targets of the SDGs are employed to derive the reference points for determining the SCDI.
The SCDI allows comparing sustainable child development status for countries and supports monitoring the trend of the status of countries by continuously updating the indicators over time. Great regional inequality in sustainable child development exists among the assessed 138 countries and five regions; 90% of African and 67% of Asian countries are classified as countries with medium and low sustainable child development. The results reflect the urgent need for improving living conditions for most African and Asian countries. In addition, some OECD countries (e.g., Austria and Republic of Korea) have dissimilar trends on the status of sustainable child development and human development. This result implies that incomplete consideration of child development policies may exist in those highly economically developed countries. The study demonstrates that the SCDI can complement existing development indices (e.g., the HDI) by regarding children as a key stakeholder group and addressing topics (such as environmental aspects and safety) in terms of inter-generational equity for providing a more comprehensive evaluation of SD.
Limitations of the SCDI
Some research limitations regarding the SCDI remain. The limitations include: (1) a restricted number of indicators, topics and countries due to low data availability; (2) different reference years of statistical data for the indicators; and (3) value choices made for indicator selection and index calculation.
Limited Data Availability
Data availability is a key factor that leads to the need for balancing the number of considered topics (and indicators) and the countries covered in the SCDI. In order to balance the number of considered topics as well as indicators and countries covered, not all of the identified topics and indicators (e.g., for the themes relationship and participation) were considered in the SCDI. The limited inclusion of topics and indicators in the current SCDI may lead to incomplete and biased evaluation of the sustainable child development status for countries.
In addition, low data availability also results in limited consideration of indicators in specific themes (e.g., environmental aspects, relationship and participation). For instance, only two indicators were collected and then considered for the theme environmental aspects. Chang et al. [17] newly proposed the theme environment aspects in the SCDI framework for addressing triple-bottom-line thinking. Freshwater vulnerability and renewable energy consumption were selected as two subthemes as starting points for the theme environmental aspects. Other potential topics (such as soil quality) associated with resource accessibility usually have indicators with limited statistical data on country level. Databases need to be developed and more indicators addressing resource accessibility need to be considered in the SCDI framework for a more comprehensive coverage in order to protect inter-generational equity. It is notable that environmental pollution, e.g., air pollution, was classified under the theme health instead of the theme environmental aspects since environmental pollutants have been treated as a direct health determinant in the literature (e.g., the SDGs). Furthermore, indicators for the themes relationship and participation are not addressed in the present SCDI framework. Since relationship and participation are relatively new topics in the evaluation of sustainable child development, existing indicators usually have data only available for a few countries (e.g., the OECD countries). These themes (e.g., environmental aspects, relationship and participation) that have indicators with limited data availability have priority in indicator and data development.
Moreover, the limited data availability also influences the number of countries that can be assessed in the SCDI. That means, currently, that the SCDI cannot yet be determined for all countries (see Section 3.2). For some countries such as Cuba, Singapore and the United Arab Emirates, the SCDI could not yet be determined since data are not available for the indicators of the final set (e.g., 'government expenditure on education as percentage of GDP' or 'public debt as percentage of GDP'). This incomprehensive coverage of countries may bring about a restricted set of countries for comparing sustainable child development status.
Inconsistent Reference Year of Statistical Data
Additionally, reference years of statistical data for the indicators of the final indicator set are not identical [20] . Statistical data of indicators for most of the subthemes (e.g., child mortality, gender equality and attendance of education), are updated annually. By contrast, indicators for some subthemes (e.g., mental health) are not frequently updated. This inconsistency is noticeable when interpreting the SCDI results, especially while monitoring the trend of sustainable child development status for countries.
Value Choices for Indicator Selection and Index Calculation
There are no widely used normalization and aggregation methods for combining indicators into an index. In this study, reference points for normalizing the indicators were defined based on the SDGs and the lowest or highest indicator values collected for the indicators among the assessed countries from 2006 to 2015. A reference point may be defined according to an extreme low or high indicator value collected for an indicator. Nevertheless, this reference point is still suitable as a benchmark to perform the comparative assessment of sustainable child development status for countries because it describes a general picture of countries' performance for a specific topic. For negative indicators (e.g., under-five mortality rate), the target values were all presumed as zero in order to achieve the ultimate goal to eliminate the negative contribution to sustainable child development. Additionally, the reference points would be updated over time when the newly collected indicator values go beyond the current applied reference points. For instance, in this study, the reference points for the indicator 'percentage of infants born with low birth weight' were defined as 0 and 40 regarding the SDGs and the highest indicator values collected from 2006 to 2015 among the considered countries. The reference point shall be updated over time once the indicator value is found to be higher than 40.
Moreover, weighting applied in the aggregation stage can largely influence the assessment results. Because no literature objectively provides information and the relative importance of the indicators and topics of sustainable child development, all indicators, criteria, subthemes and themes were considered as being equal in aggregation. If practitioners assign specific weighting to the considered indicators and topics in the SCDI, the SCDI scores can be altered and thus influence country ranking and classification.
Outlook for Future Research
In future, the framework, the indicators, as well as the SCDI scores for countries will have to be refined and updated when additional topics, indicators and data regarding sustainable child development become available. Ongoing work of the authors focuses on the potential integration of the SCDI into current social sustainability assessment approaches (e.g., Social Life Cycle Assessment (SLCA) [47] and Social Organizational Life Cycle Assessment (SOLCA) [48] ) and databases (e.g., The Social Hotspots Database [49] ). For example, the SCDI can be an index that describes in particular the social conditions for the proposed stakeholder group, children, in SLCA and SOLCA studies. In addition, the current use of the HDI would be reviewed for recommending application options of the SCDI. Table S1 : Spearman correlation coefficients for the 66 indicators, Table S2: 50 representative indicators selected  based on correlation analysis, Table S3 : The indicator values, SCDI scores as well as country rankings and classification for the 138 countries, Table S4: Country ranking assessed by the SCDI and HDI from 2006 to 2015,  Table S5 : Country ranking assessed by the SCDI, the HDI and the CDI, Table S6 
